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1
SEMICONDUCTOR LASER

This application is a continuation of application Ser.
No. 06/799,019, filed Nov. 18, 1985 now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to the structure of a
semiconductor laser. In particular, the invention relates
to the structure of a low-noise semiconductor laser
having no astigmatism which is suited for a light source
for devices for consumer electronics such as compact
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disk and optical video disc, for optical information pro-

cessing systems and for optical communications.

In using a semiconductor laser as a light source for
devices for consumer electronics such as optical video
discs and compact discs, and for optical information
processing systems, the light reflected by the optical
system in these devices returns to the semiconductor
laser, which is the light source, giving rise to the occur-
rence of such a phenomenon that noise increases in the
semiconductor laser. In order to reduce the above opti-
cal feedback induced noise, the semiconductor laser
must be self-pulsated or the oscillating spectrum must
be multiplied. However, the self-pulsating or the spec-
trum-multiplied (multi-longitudinal-mode operation)
laser induces astigmatism which must be corrected by
employing a cylindrical lens when the laser is to be
adapted to the devices. Such lasers have been taught,
for example, in the preparatory document for the
Thirty-First Association of the Applied Physics, p. 177,
30a-M-6 and 30a-M-8 and in the preparatory document
for the Forty-Fourth Association of the Applied Phys-
ics, p. 110, 27a-p-3. However, the former laser does not
~ self-pulsate, and the latter laser induces astigmatism
though it self-pulsates.

'FIG. 1 shows a conventional semiconductor laser
obtained by the metal organic chemical vapor deposi-
tion (MOCVD) method.

The semiconductor laser of this structure has been

disclosed in J. J. Coleman et al., Applied Physics Let-

ters, Vol. 37, 1980, p. 262. This laser is so constructed
that a striped n-type injection current confinement layer
5 is formed on cladding layers 2, 4 between which an
active layer 3 is placed, and the injection current con-
finement layer § is buried under a cladding layer 6 and
a cap layer 7 to control the lateral mode. Reference
numerals 8 and 9 denote a p-type electrode and an n-
type electrode respectively. With the semiconductor
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laser of this structure, the mode control is of the type of 50

index-guiding, and the longitudinal mode is a single
mode. Therefore, the level .of relative intensity noise
(RIN) is about 10—12.H,—1 (when the light is fed back
from the optical system), and the noise must be reduced
by adopting a high-frequency superposition system or a
like system.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
semiconductor laser which has no astigmatism, which
features low noise, and which can be produced main-
taining a high yield.

To produce a semiconductor laser without astigma-
tism, the mechanism of guiding laser beam must be of
the index-guiding type. In this case, however, the oscil-
lating spectrum is single and optical feedback induced

noise appears. When the mechanism of guiding in the

form of gain-guiding or in the form of self-pulsating

55
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construction is used to avoid optical feedback induced
noise, then astigmatism develops. In view of the above-
mentioned respects, according to the present invention,
at least the optical guiding close to one facet of the
semiconductor laser is formed as an index-guiding, and
another region is formed as a gain-guiding or in the
self-pulsating construction, so that a laser beam of low
noise is obtained from at least one facet without astig-
matism. For this purpose, the semiconductor laser of the
present invention is provided with a stripe-like injection
current confinement structure on a double heterostruc-
ture having a flat active layer so as to be adapted to the
metal organic chemical vapor deposition method
(MOCVD method), which is a new method of growing
crystal and which is suited for mass-production; and
wherein the thickness of the cladding layer on the ac-
tive layer is changed, and a layer of a material having a
large refractive index is provided on the cladding layer,
so that the effective refractive index of the active layer
corresponding to the injection current confinement
structure changes in the direction of the cavity. Thus,
there is obtained a semiconductor laser which performs
index-guiding at least near one facet thereof, and which
performs gain-guiding or undergoes self-pulsation in
another region. Namely, the present invention deals
with a semiconductor laser having a stripe-like lasmg
reglon, and having means for confining current injec-
tion in the lasing region, said means being provided
close to said lasing region, wherein provision is made
for means for changing the effective refractive index for
the laser beam in the direction of the cavity, so that the
laser beam is effectively index-guided in at least a por-
tion close to one facet of the laser. |

To reduce the noise caused by the light fed back to
the semiconductor laser, furthermore, the laser-oscil-
lated spectrum must be multiplied to reduce the suscep-
tibility to interference in the laser beam. According to
the present invention, a guiding region based upon the
difference in the effective refractive index is provided
near the facet of the semiconductor laser resonator, and
a gain-guiding region is provided in the center of the
resonator, so that the whole laser resonator produces a
guiding condition that is somewhere in between index-
guiding and gain-guiding, and so that the oscillating
spectrum 1s multlplled to lower the noise. According to
the present invention, components of the index-guiding
and the gain-guiding are adjusted by adjusting the pro-
portions of the respective areas in the whole resonator.
Therefore, the laser element can be produced maintain-
ing a high yield. Further, index-guiding is effected near
the facet of the laser, and no astigmatism develops.

‘To realize the low-noise laser, furthermore, the oscil-
lating spectrum should develop self-pulsation at a posi-
tion between the multi-mode oscillation and the single-
mode oscillation. For this purpose, it is essential to
provide a new structure having a function of the gain-

- . guiding type laser as well as a function of the index-
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guiding type laser. To produce the gain-guiding func-
tion, it can be contrived to provide a weakly supersatu-

rated absorbing region outside the stripe region. In the

conventional semiconductor laser shown in FIG. 1,
however, the semiconductor layer which absorbs the

hght consists only of the n-GaAs injection current con-

finement layer § outside the grooved stripe region as
shown in FIG. 2(a). However, the n-GaAs injection
current confinement layer 5 has an absorption coeffici-
ent a of as great as 10,000 cm—! or more and cannot
operate as a supersaturated absorbing member. Conse-
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quently, both the longitudinal and lateral modes are
monotonous modes. According to the laser of the pres-
ent invention, however, an n-GaAlAs supersaturated
absorbing layer 310 is formed between the n-GaAs
injection current confinement layer 35 and a p-GaAlAs
cladding layer 34 outside the grooved stripe region as
shown in FIG. 2(b). Therefore, the laser undergoes the
self-pulsation. Here, what is important to develop self-
pulsation is that the mole ratio of aluminum in the super-
saturated absorbing layers 310 is set to be equal to or
smaller than the mole ratio of aluminum in the active
layer 33. Furthermore, an n-GaAlAs absorbed carrier
leakage preventing layer 311 is provided between the
supersaturated absorbing layer 310 and the injection
current confinement layer 35 in order to prevent carri-
ers generated as a result of absorbing light from leaking
into the injection current confinement layer 35. Here,
the mole ratio of aluminum in the absorbed leakage
preventing layer 11 must be greater than the mole ratio
of aluminum in the supersaturated absorbing layer 310.
Further, if mole ratios of aluminum are suitable selected
in the supersaturated absorbing layer 310 and in the
absorbed carrier leakage preventing layer 311, the laser
easily undergoes self-pulsation even if their thicknesses
are reduced. If the thickneses are set to be smaller than
100 nm, respectively, the distribution of light is affected
by the presence of these two layers to a very small or
negligible degree. Namely, thickness of the p-GaAlAs
cladding layer 4 is suitably reduced (about 0.3 um or
less) to form an index-guiding path while eliminating
the astigmatism, and the supersaturated absorbing layer
310 easily develops self-pulsation.

According to the present invention, a semiconductor
laser of low noise having astigmatism of smaller than 3
um can be easily obtained maintaining a high yield. In
other words, the lasers can be mass-produced at a re-
duced cost.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1is a section view of the structure of an element
for explaining a conventional method;

FIG. 2 1s a diagram showing the distribution of ab-
sorption coefficient outside the grooved stripe region;

FI1GS. 3(a) to 3(c) are diagrams showing a semicon-
ductor laser according to an embodiment 1 of the pres-
ent invention, wherein FIG. 3(q) is a plan view, FIG:
3(b) 1s a section view of a region close to one facet, and
FIG. 3(c) is a section view of a region other than the
above-mentioned facet;

FIGS. 4(a) to 4(c) are diagrams showing a semicon-
ductor laser according to an embodiment 3 of the pres-
ent invention, wherein FIG. 4(a) is a plan view, FIG.
4(D) is a section view of a region close to one facet, and
FIG. 4(c) 1s a section view of a region other than the
above-mentioned facet;

FIG. § is a section view showing the facet of a semi-

5

10

15

20

25

30

35

45

4

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiment 1

FIGS. 3(a) to 3(c) are diagrams showing a semicon-
ductor laser according to an embodiment 1 of the pres-
ent invention, wherein FIG. 3(q) is a plan view of a
semiconductor laser, FIG. 3(b) is a section view of a
region close to one facet according to the embodiment,
and FIG. 3(c) is a section view of a region other than the
above-mentioned facet according to the embodiment.

In F1G. 3(a), broken lines represent a stripe-like las-
ing region in a semiconductor laser 11. FIG. 3(b) is a
section view along the line A—A’ of FIG. 3(a), and
shows the structure of a region 12 close to one facet of
the semiconductor laser 11. FIG. 3(c) is a section view
showing the structure along the line B—B’ of FIG. 3(a).
In FIGS. 3(b) and 3(c), an n-type Gaj.xAl As cladding
layer 15 (Se-doped; n=5Xx1017 cm—3; x=0.45; thick-
ness=1.5 um), an undoped Gaj.;Al;As active layer 16
(y=0.14; thickness=0.06 to 0.08 um), a p-type Gai.
xAlxAs cladding layer 17 (Zn-doped; p=3Xx 1017cm—3:
thickness=1.0 um), and an n-type GaAs layer 18 (Se-
doped; n=3 to 5X1018 cm—3;' thickness=1 um) are
continuously grown on an n-type GaAs substrate 14
i-doped; n=10!8cm—3) by the MOCVD method. Then,
etching windows of a width of 20 to 100 um are formed
maintaining a distance of 300 um in the <011> direc-
tion through the step of photoresist processing, and the
n-type GaAs layer 18 is etched by about 0.5 um by
chemical etching. Channel grooves having a width of 2
to 5 um and a depth of about 1.2 um are formed main-
taining a pitch of 400 um in the <011> direction
through the steps of photoresist and etching. The crys-
tal in which the grooves are etched is buried under a
p-type Gaj.;Al;As layer 19 (Zn-doped; p=23x 1017
cm—3; z=0.35; thickness=0.5 um), p-type Gaj.xAl,As
layer 110 (Zn-doped; p=5X 1017 cm—-3; thickness=1
pm), and p-type GaAs layer 111 (Zn-doped;
p=1X10!% cm—3; thickness=1 pum). After a p-type
electrode 112 and an n-type electrode 113 are formed, a
semiconductor laser having a resonator length of 300
pm is produced through the step of cleaving. The cleav-

- 1ng 1s positioned nearly at the center of the etched re-
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conductor laser according to an embodiment of the (,

present invention;

FIG. 6 is a section view showing the side surface of
the laser;

FIGS. 7 and 8 are section views showing the facet

and side surface of the laser according to an embodi- ¢5

ment § of the present invention; and
FIG. 9 is a section view showing the structure of an
embodiment 6 of the present invention.

gion formed in the <O011> direction through the
above-mentioned step. |

In the above-mentioned semiconductor, the mecha-

nism for controlling the lateral mode is changed by the

thickness of the p-type Gaj.xAl;As layer 17 in the stripe
region. When the thickness is small as shown in FIG.
3(b), the lateral mode is affected by the p-type Ga,.;Al,
As layer 19 of a high refractive index, and is index-
guided. When the p-type Gaj.xAlxAs layer 17 has a
large thickness as shown in FIG. 3(c), on the other
hand, the index-guiding component decreases, and the
gain-guiding component increases. The, device is so
constructed that the gain-guiding region occupies at
least more than one-half the stripe region. With this
structure, the laser oscillation is determined by the
structure of the region 13 which occupies most of the
stripe region. According to this embodiment, the device
undergoes multi-mode pulsation or self-pulsation. The
astigmatism, however, becomes small, since the laser
beam emitted from the facet of the side of the region 12
1s subjected to the mode transformation through the
region 12.
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The semiconductor laser of the above-mentioned
-embodiment continuously operates at room tempera-
ture at a wavelength of 780 nm with a threshold current
of 40 mA. Observation of the oscillating spectrum
proves that the semiconductor laser is self-pulsating.
With the semiconductor laser being operated to pro-
duce an optical output of 5 mW constant, the relative
intensity of noise was measured by changing the tem-
~ perature of the semiconductor laser, and it was con-
firmed that the noise was as small as 5X 10— 14 or lower
when the feedback intensity of light was smaller than
1%. The astigmatism of the semiconductor laser of the
present invention was also measured to be smaller than
3 pm. Furthermore, a semiconductor laser having the
region 12 of FIG. 3(a) was also prepared. This device
‘exhibited the astigmatism of 10 to 30 um.

Embodiment 2

This embodiment adopts a multi-quantum well struc-
ture for the Ga;  Al;As active layer 16 of the above-

mentioned embodiment 1. The multi-quantum well con-

sists of a periodic structure which is made up of a GaAs
well layer (thickness of 3 nm) 17 and a GaggAlg2Al
barrier layer (thickness of 5 nm) 16. The semiconductor
laser produces a threshold current of about 25 mA at a

wavelength of 780 um. As for the lasing noise and astig-

matism, the results are the same as those of the embodi-
ment 1. |

Embodiment 3

FIG. 4(a) 1s a plan view of this embodiment, wherein
a stripe indicated by chain lines represents a lasing re-
gion. FIG. 4(b) 1s a section view along the line C—C’
near the end 115, and FIG. 4(c) 1s a section view along

‘the line D—D' in another region 116 inclusive of an-

other end, and wherein a and 8 indicate the directions
in which the laser beam 1s emitted. In FIGS. 4(b) and
4(c), an n-type Gaj.xAlxAs cladding layer 118 (x=0.45;
Se-doped; n=5X 1017 cm—3; thickness=2 um), a Ga,.
yAl,As layer 119 (y=0.14, thickness=0.06 to 0.09 um),
and a p-type GajxAlyAs cladding layer 120
(Zn=doped; p=3Xx 1017 cm—3; thickness=2 um) are
continuously grown by the MOCVD method on an
n-type GaAs substrate 117 (Si-doped; n=110!8
cm—3). Then, stripe-like window regions having a

width of 20 to 100 um are formed maintaining a pitch of

300 um in the <011> direction through a photolithog-
raphy step, and the window portions are etched by
about 0.25 um with a chemical etchant. Thereafter,
trapezoidal stripes are formed in the <011> direction
through the steps of photolithography and etching. In
this case, the etching depth is about 1.5 um, and the
width of the upper surface of trapezpoid is 1 to 2 um.
Then, the trapezoidally striped portion of wafer is bur-
ied under an n-type GaAs layer 121 (Te-doped;
n=1X 1018 cm—3) by the MOCVD method. Moreover,
zinc is selectively diffused into the trapezoidally striped
~ portion to form a current path 122. After the p-type
electrode 123 and the n-type electrode 124 are formed,
a semiconductor laser having a resonating wavelength
of 300 um is prepared through the steps of cleaving and
scribing. Here, the cleaving is positioned in the region
of etching window formed in the <011> direction in
the aforementioned step.

~ The semiconductor laser produced by the above
method operates at an oscillating wavelength of 780 nm
with a threshold current of 50 mA. As for the lasing
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6

noise and astigmatism, the results are the same as those
of the embodiment 1.

Embodiment 4

FIG. § is a diagram which schematically shows the
structure of a semiconductor laser of the present inven-
tion as viewed from the side of a facet that meets the
laser beam at right angles. FIG. 6 is a section view of a
plane in parallel with the direction in which the laser
beam travels. The laser of this embodiment is produced
through the steps mentioned below. Namely, on an
n-type GaAs substrate 21 are formed an n-type Gag.
55Alo4sAs As layer 22 (Se-doped; n=5X10!7 cm-3;
thickness=2 um), an undoped GapgsAlp.14As active
layer 23, a p-type Gag.45Alo.45As cladding layer 24 (Zn-
doped; p=3X10!7 cm-3; thickness= 0.2 to 0.6 um),
and an n-type GaAs layer 25 (Se-doped; n=1x10!8
cm-3; thickness=1 um) by the well-known metal or-
ganic chemical vapor deposition (MOCVD) method.
Then, windows for etching are formed in a photoresist
film on the surface of the epitaxial layer through the
step of photolithography. Windows are formed having
a width of 2 to 7 um maintaining a pitch of 400 um in a
direction at right angles with the laser resonator, and
having a width of 50 to 260 um maintaining a pitch of
300 um in the direction of the laser resonator. Then,
grooves are so formed as to reach the p-type Gag ssAlg.
45As layer by chemical etching. The photoresist film is
then removed, and a p-type GagssAlgssAs layer 26
(Zn-doped; p=3X10!8 cm—3; thickness=1 um) and an
n-type GaAs layer 27 (Te-doped; n=1018 cm—3; thick-

-ness=0.5 um) are formed by the MOCVD method.

Thereafter, using the technique of selective diffusion, a
stripe-like selectively Zn-diffused region 28 is formed
having a width of 2 to 5 um. After a p-type and n-type

-electrodes 12, 11 are formed, a chip having a width of

400 um and a resonator length of 300 um is prepared
through the step of cleaving. The thus prepared element
has a structure as schematically shown in FIG. 6 with-
out n-type GaAs layer 25 at the central portion of the
resonator.

The thus prepared element is bonded to a stem using
a PbSn solder with the p-type electrode on the lower
side, and is continuously operated at room temperature
to evaluate the characteristics. The element oscillates at
a wavelength of 780 nm with a threshold current of 30
to 50 mA, and exhibits stable lateral fundamental mode
operation up to an optical output of 30 mW. The ele-
ment temperature i1s changed from 0° C. to 60° C., and
the feedback intensity of light is changed to measure the
RIN (relative mtensity of noise). An element without
the n-GaAs layer 25 in which the region of a length L,
occupies 5 to 90% of the total resonator length
Li+4+La+Lj3 of the element, exhibits an RIN value of
3 10—14H,~1at the greatest when the feedback inten-
sity of light ranges from 0.1 to 2%. When the region of
the length L occupies less than 5% or more than 9% of
the total resonator length, on the other hand, the RIN
value further increases. The astigmatism was measured
for those elements in which the region of the length L,
occupied 5 to 90% of the total resonator length, and it
was found that the beam waist position in a direction in

parallel with the junction was within 5 um from the
facet.

Embodiment 5

FIG. 7 is a section view on a plane which intersects,

at right angles, the direction in which the laser beam
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travels, and FIG. 8 is a section view on a plane which is
in parallel with the direction in which the laser beam
travels. The laser of this embodiment is produced
through the steps described below. A double heteros-
tructure is formed in an n-type GaAs substrate 21 by the
liquid-phase growing method and, then, a mesa is
formed through a step of photolithography. In this case,
as schematically shown in FIGS. 7 and 8 which are
diagrams as seen from the side of a facet and from the
side surface, the mesa width is narrowed (1 to 3 um in
width) toward the facet and is broadened (§ to 400 um)
in the central portion of the resonator. In FIG. 7, solid
lines indicate a narrow region and dotted lines indicate
a broad region. An n-type GapgAlp2As layer 29 is
formed as a cap layer. Then, the mesa is buried under
the Gagp.s5Alp.4sAs layer 210 of a high resistivity formed
by the liquid-phase growing method. After the elec-
trodes 211, 212 are formed, the element having a resona-

tor length of 300 um is obtained through the step of

cleaving.

The laser continuously oscillates at room temperature
with a threshold current of 10 to 30 mA, and exhibits a
stable lateral fundamental mode operation over an opti-
cal output range of 5§ to 20 mW. The element was mea-
sured for its noise characteristics, and the same effects
were confirmed as those of the embodiment 4. That is,
when the region L;" where the mesa has a broad width
occupied 5 to 90% with respect to the regions L’ and
L3’ where the mesa has a narrow width, the RIN value
is 3X 10—14 H,—! at the greatest. When the region L’
occupies less than 5% or more than 90%, on the other
hand, the RIN value further increases.

The above embodiments have referred to the cases
where the index-guiding structure is provided near the
facets on both sides of the laser. However, the same
results are also obtained even when the index-guiding
region 1s provided near the facet on one side only of the
laser to occupy 5 to 90% of the total length.

Further, although the above-mentioned embodiments
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GaAs-GaAlAs, it need not be pointed out that the pres-
ent invention is further extensively applicable to semi-

conductor lasers using compound semiconductors of

the type of InP-GalnAsP and the like.

Embodiment 6

An embodiment 6 of the invention will be described
below 1n detail in conjunction with FIG. 9.

On an n-type GaAs crystalline substrate 31. are suc-
cessively formed an n-type Gaj.xAlxAs cladding layer
32 (x=0.45),a Gaj.;Al,As active layer 33 (y=0.14), a
p-type Gaj.xAlxAs cladding layer 34 (x=0.45), an n-
type Gaj.;Al;As supersaturated absorbing layer 310, an
n-type Gaj.4Al As absorbed carrier leakage preventing
layer 311, and an n-type GaAs injection current con-
finement layer 35 by the MOCVD method. The n-type
GaAs layer 35, n-type Gaj.,Al,As absorbed carrier
leakage preventing layer 311, and n-type Gaj.;Al;As
supersaturated absorbing layer 310 are completely re-
moved by the step of photoetching at specific locations,
and a grooved stripe of a width of 1 to 15 um is formed
to expose the surface of the p-type Gaj.xAlxAs cladding
layer 34. Then, a p-type Gaji.xAlxAs cladding layer 36
(x=0.45) and a p-type GaAs cap layer 37 are formed by
the MOCVD method. After a p-type electrode 38 and
an n-type electrode 39 are formed, a laser element hav-
ing a resonator length of about 300 um is obtained by
the method of cleaving. If the thickness d) of the active
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layer and the thickness d; of the p-type cladding layer
34 are increased, the laser element approaches the nar-

row stripe construction and assumes a multi-mode type
oscillation. If the thickness are reduced, the laser ele-

ment assumes a single-mode type oscillation. Relations -
0.03 um<d1<0.12 pum and 0.3 pum<dy < 1.2 um estab-
lish a condition for eliminating the astigmatism. Under
the condition of no astigmatism, furthermore, the re-
quirement for generating self-pulsation is established by
0.05<Z<0.14, 0.15<u<0.6, by the thickness d3 of the
supersaturated absorbing layer 310 which lies 1 nm <d-
3<0.2 um, and the thickness d4 of the absorbed carrier
leakage preventing layer 311 which lies 1 nm <ds<0.2
pm. |

The thus prepared laser element continuously oscil-
lates at room temperature at a wavelength of 780 nm
with a threshold current of 30 to 50 mA, and the oscil-
lating spectrum exhibits a self-pulsating spectrum. Fur-
ther, the relative intensity of noise (RIN) is as small as
3104 Hz—1 (with the light being fed back). The
astigmatism 1s smaller than a measurable limit (1 um).
Even after the laser element is operated for 2000 hours
producing an optical output of 10 mW constant main-
tained at 70° C., performance of the element is not dete-
riorated, manifesting high reliability.

Though this embodiment employs a single GaAlAs
layer as an active layer, the same results are also ob-
tained even with the MQW (multi-quantum well) struc-
ture or the GRIN (graded refractive index) structure in
which the active layer is formed by the superlattices of
GaAs and Gaj.xAlcAs. Further, it need not be pointed
out that the element of this embodiment can also be
adapted to other material systems such as of InGaAsP,
InGaP, InGaAlP, and the like.

What is claimed is:

1. A semiconductor laser comprising at least a second
semiconductor layer of a first type of conductivity, a
third semiconductor layer having a larger refractive
index than that of the second semiconductor layer and a
smaller forbidden band width than that of said second
semiconductor layer, a fourth semiconductor layer of a
second type of conductivity having a smaller refractive
index than that of said third semiconductor layer and a
larger forbidden band width than that of said third
semiconductor layer, a fifth semiconductor layer of the
first type of conductivity having a smaller forbidden
band width than that of said third semiconductor layer,
a sixth semiconductor layer of the first type of conduc-
tivity having a larger forbidden band width than that of
said fifth semiconductor layer, and a seventh semicon-
ductor layer of the first type of conductivity having a
smaller forbidden band width than the respective band-
widths of said third, fifth and sixth semiconductor lay-
ers, that are successively formed on a first semiconduc-

‘tor region of the first type of conductivity, wherein said

fifth, sixth and seventh semiconductor layers are re--
moved in the form of a stripe by etching, and an eighth
semiconductor layer of the second type of conductivity
1s formed on the surfaces that are removed by said etch-
ing and on the surface of said seventh semiconductor
layer, said eighth semiconductor layer having a smaller
refractive index than at least that of said third semicon-
ductor layer and a larger forbidden band width than at
least that of said third semiconductor layer.

2. A semiconductor laser according to claim 1,
wherein said fifth semiconductor layer has a film thick-
ness of 1 nm to 0.2 um, said sixth semiconductor layer
has a film thickness of 1 nm to 0.2 um, and the layers are
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removed in the form of a stripe by said etching over a
width of 1 to 15 um.

3. A semiconductor laser comprising at least a second
semiconductor layer of a first type of conductivity, a

third semiconductor layer having a larger refractive

index than that of the second semiconductor layerand a

smaller forbidden band width than that of said second
semiconductor layer, a fourth semiconductor layer of a
second type of conductivity having a smaller refractive
index than that of said third semiconductor layer and a
larger forbidden band width than that of said third
semiconductor layer, a fifth semiconductor layer hav-
ing a smaller forbidden band width than that of said
third semiconductor layer, a sixth semiconductor layer
of the first type of conductivity having a larger forbid-
den band width than that of said fifth semiconductor
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layer, and a seventh semiconductor layer of the first
type of conductivity having a smaller forbidden band
width than the respective bandwidths of said third, fifth
and sixth semiconductor layers, that are successively

formed on a first semiconductor region of the first type

of conductivity, wherein said fifth, sixth and seventh
semiconductor layers are removed in the form of a
stripe by etching, and an eighth semiconductor layer of
the second type of conductivity is formed on the sur-
faces that are removed by said etching and on the sur-
face of said seventh semiconductor layer, said eighth
semiconductor layer having a smaller refractive index
than at least that of said third semiconductor layer and

a larger forbidden band width than at least that of said

third semiconductor layer.
% * *x =% ¥
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